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Objective

A Problem:Soiling = Transmission loss = Production loss = Revenue loss

A Solution: Reduce soiling loss using astiiling coatings or remove soiling using
various coskeffective cleaning techniques.

A Obijective:Develop a standardized technique to quantitatively determine the
effectiveness of antsoiling coatings.
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Indoor Artificial Soil Deposition Chambemnwhy is it needed?

A To determine the effectiveness of astiling coatings or cleaning
technigues so the vendor claims cambentitatively validated

A To standardize the artificial soil deposition conditions simulating natur.
soiling conditions and sequence (standardization requires repeatable
deposition within a lab and reproducible deposition between the labs)
a national or an internationslandarccan be developed.
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Presentation Scope
Natural Soiling Cycle Artificial Soliling Cycle

Dust Deposition _
Cooling

Sun Baking and
Soil Cementation
(daytime)

Cooling Heating and Soil

(night time) Cementation Dew Formation

Dew Formation
(early morning)

Dust Deposition

U Surface coating U Characterizationsii Cleaning
V Uncoated V Optical V Wind
V AS coated V Electrical V Rain
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Onechamber SO|I Deposﬂ

PROCESS SEQUENCE Clean coupon
A Place the required amoun il

A Place PV coupon on suipport star*j

A Cool coupon using Peltier elements
A Introduce humidify using humidifier
A Dew formation on the coupon surface
A Generate a dust cloud
A Wait for the cloud to settle down
A Bake coupon using Peltier eleme%s

\A Repeat the cycle

Ion I\/Iethod

kepton a
support stand .

sing Blurst

3 x 2 x 2 ft chamber
Acrylic (1/4”)
Detachable /
attachable walls with
magnetic strips
Humidity/temperature
controller and sensor
attached on a wall (not
show here)

Humidifier

hose sending
humidified air

Thermoelectric Soil Compressed
cooling & dispensing N, cylinder
heating chamber tubing
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Soiling Station Animation
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Components Used In the
OneChamber Method

0

Walgreens cool
mist humidifier

Adafruit - Thermoelectric

Cooler/Heater Assembly Auber Humidity

controller

(12VI5A) y Thermoelectric
heating/cooling
Detachable / switches

attachable soil
dispersion chamber

2 g soil sample



> Test Modules
A Threel-cellmoduleswere fabricatedat ASUPhotovoltaicReliabilityLaboratory

Onemodule (ASQ) wasshippedto the anti-soiling(AS)coatingmanufacturerwho coatedthe 1-cellmodule
with their AScoating

A

A Anti-soilingcoatingliquid waspurchasedrom manufacturer2 and wascoatedon the secondl-cellmodule
(A) usinga paintroller. Thisroller iscommerciallyjusedto applycoatingson glass

A

Thethird 1-cellmodule (UC)wasthe referenceuncoatedmodule
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Typical Testing Sequence

A Soiling loss is measured through %T loss Usirigss

A Soiling uniformity is measured usitsglosses of 9 individual
cells laminated in a single module

A The indoor soiling chamber is used to deposit soil on the three
1-cell modules. The modules are placed flat atiloduring soll
deposition.

A Three layers of soil3 cycle$ are deposited on the surface of
1-cell modules for each trial in this study. 2 gAdf reference
dustis used in each deposition cycle.

A Iscof the module was measured-situ after each cycle.
Weight of the module was also recorded with precision of
0.001 g(1 mg) after every cycle.

In-situ Soiling Wiformity (IsQ Measuremen
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Indoor Soiling Cycle

Wind Test Rain test
NEERIE and_ 20l Dew Formation
Cementation

Dust Deposition
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Adhesion of Soll Layers

Soil deposited on PV module surface can be classified into three or four
distinct layers:

A.

B.

First layer of sojlLayer A is cemented (chemically bonded) to the surface~—__ - LayerD
of PV module and is extremely hard to remove by rain or tind

Second layer of soll, , can be removed by rain but is resistant to

high speed wind.

Third layer of soil, . is loosely bound and can be cleaned by rain Layer A
and high speed wind.

Fourth layer of soil,.ayer [) is the weakest bonded layer and can be Module Surtace

removed by moderate wind (or gravity by tilting the module vertically).

*Reference: Surface Soiling: Theoretical Mechanisms and Evaluation ofSanvng Coatings, Edward Euddihy Jet Propulsion Laboratory, 1983
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Wind Tunnel Testing

A The soiled modules are placed on a stand
fixed at75 tilt with the module facing the 1 ;
wind, so that the wind completely coverg = ------------
the module surface. e 1

A An opencircuit subsonic wind tunnel is N/ e e
used in this study. The wind velocity ca | - |
be varied betweerb m/s and 11 m/s.

A The wind velocity can be changed using
dial in the wind tunnel tester and the
velocity was also verified using a
handheld anemometer
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Rain test

Approach 1 ot good):
UL 1703 water spray nozzle

the nozzle is 3 ft.

A The water jet pressure in this experiment is s§
to be 0.5 psi.

A The valve is opened and the soiled modules #=4
SELIR2&SR (2 ANIAYyED 2} - f az
beaker and when water reaches a specified . -
level in the beaker ( Lmm, 5mm and 10mm), the|
valve is closed.

A9@Sy 4 nodp LIAAZ GKS
mm rain is collected in 25 seconds. In case of a\

light rain, 1 mm might take much longer to |
collect.

Before 1mm rain

_ _ _ Beaker to measureg
O2ft f S Ou a mé\uMoan‘KS

Complete
cleaning at 1
mm |

After 1mm rain
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1/8 HH5 full jet spray

Rai n teSt nozzle to be installed

Approach 2 {et to be implementeq:

A The distance between the center of the nozzle to the
module to be set at 6 ft.

A The current nozzles are to be replaced by 1/85%il|
jet nozzles (Spraying Systems Gpray.com

A Rain gage is used to measure the rain amount.

A At 10 psi, we would obtain 2inch/h rain(1 min and
10 seconds for 1 mm rain) with droplet size of around 4
mm.

A By varying the inlet pressure, different rain intensities
and droplet sizes can be obtained. Light Rain, Heavy
Rain, Fog conditions can be simulated.

IIIIIIIII

.........
& 1010100 & 1000 500 & 500 t0 1000 & 1000 to 5000
LLLLLLLLLLLLLL MEDIUM LARGE Spray.com
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Design of Experiments: Wind Test

5 Soil Deposition l SoilDeposition

SoilDeposition
Variable 1:
Soil Depositio 90% 90%
Humidity RH RH

|| |

Wind exposure Wind exposure Wind exposure

-—_>-

90%
RH

Variable 2:
Wind velocity

1Nk
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Design of Experiment: Rain test

5 Soil Deposition l SoilDeposition
90%

| scipepositr

Rainexposure Rain exposure Rain exposure

Rain amount __-
N - I

Variable 1:
Soil Depositio
Humidity
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Reflectance of clean AS coated and uncoated-splitmodule

A A split-cell monocrystallinemodule was fabricated with one half coated with anti-soiling coating
andthe other half wasuncoated

/

UucC

AR coating reflection

Semiconductor absorption
Encapsulanabsorption

A Iscbefore and after coatingthe A was measuredusingthe in-situ Isc measurementsetup in the
indoor soilingchamber Thetransmissionosswasdeterminedto be 0.6 %.
A Thetransmittancelossfor ASL wascalculatedin a similarfashionto be 0.62 %



